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@) Heat exchanger assemblies - material for use therein, and a method of making the material. 



(57) A self-brazing material 10 for use in a heat 
exchanger 50 using a corrosive heat exchanger 
fluid is manufactured by providing a first sub- 
strate layer 10 and a second layer 12 metallurgi- 
cal^ bonding the two layers together to form a 
composite material 22. This second layer 12 is 
made of a material chosen from a group con- 
sisting of materials capable of having good high 
temperature and corrosive properties, and melt- 
ing at a temperature well below that of the first 
material 10. The bonded material 22 is then 
reacted so as to render the second layer 12 a 
brazing layer for the first substitute layer 10 with 
excellent high temperature and corrosive 
properties. 
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Background of the Invention 

This invention relates to a composite material 
having corrosion resistance in extremely corrosive 
environments and a method of manufacture typically 
for use in heat exchanger applications. 

It has been known to manufacture plate-and-fin 
type stainless steel heat exchangers by brazing the 
plates of the unit with copper. The brazing prevents 
leakage from the channels by sealing each plate 
around the edge and at the ports. In such a design no 
gaskets or frames need be used which results in a 
compact, cost effective design. These brazed units 
further have thermal efficiency advantages over the 
gasketed plate heat exchangers. Such a brazed unit 
can be constructed from "self-brazing" composite 
material such as copper bonded to the stainless steel 
or nickel super alloy plate material. Such self-braze 
composite materials provide for reliable and econom- 
ical manufacture of the heat exchanger units. 

Deficiencies in the above described unit occur, 
however, in applications in which high temperatures 
are experienced or in which a corrosive material to 
copper is used as the heat exchanger fluid such as 
ammonia and acidic solutions. In such applications 
the copper braze material is unacceptable and a re- 
placement is needed. One proposed replacement is a 
class of nickel base materials with alloying additions 
such as silicon and boron to reduce the melting point. 
These materials, however, are quite brittle and there- 
by only allow for fabrication as a preform foil in an 
amorphous state by rapidly quenching or as a preform 
of powder in a binder. These preforms cannot be read- 
ily formed or bonded to the plate material to form a 
self-brazing composite and therefore require extra 
handling and precise positioning when fabricating the 
heat exchanger. These extra handling steps can also 
effect the reliability of the braze; and ultimately, the 
final product. 

Summary of the Invention 

Accordingly, it is an object of the present inven- 
tion to provide an improved material and method of 
manufacture thereof which exhibits superior strength 
and corrosion characteristics for heat exchanger ap- 
plications using corrosive heat exchanger fluid. 

It is a further object of the present invention to 
provide a composite material which includes a braz- 
ing material bonded to a substrate plate material 
which can be easily and reliably assembled into a 
heat exchanger. 

It is yet another object of the present invention to 
provide a heat exchanger which is easily and eco- 
nomically manufactured and highly reliable in use 
with corrosive fluids. 

In accordance with this invention, a self-brazing 
material for a heat exchanger is made by providing a 



substrate layer of a first material chosen from the 
group consisting of stainless steels and nickel super 
alloys, providing a second layer of a material chosen 
from the group consisting of materials capable of hav- 

5 ing good high temperature and corrosion properties 
and melting at a temperature well below that of the 
first material, bonding metallurgically said first and 
second layers together, said bonded materials being 
readily formable and reacting said second layer of 

10 said bonded material so as to render the second layer 
a brazing layer for the first layer with excellent high 
temperature and corrosion properties. 

In accordance with another aspect of the present 
invention, the second layer is metallurgically bonded 

15 to both the top and bottom surfaces of the first layer. 

In one embodiment of the present invention, the 
second layer comprises a multicomponent material of 
a nickel or high nickel alloy and a titanium or high ti- 
tanium alloy in which the reacting step is controlled 

20 heating to cause the nickel/high nickel alloy to alloy 
with the titanium/high titanium alloy to form a lower 
melting point brazing alloy layer. 

In another embodiment of the present invention, 
the second layer comprises a nickel silicon or a family 

25 of nickel-silicon-iron-chromium alloy in which the re- 
action step is a controlled boronizing heating step of 
the second layer to yield a nickel/silicon/boron braz- 
ing alloy to form the brazing layer. 

30 Description of the Drawings 

Other objects, advantages and details of the nov- 
el material and method of manufacture of this inven- 
tion appear in the detailed description of the preferred 
35 embodiments of the invention, the detailed descrip- 
tion referring to the drawings in which: 

Figure 1 shows a side elevation view diagram- 
matically illustrating the solid state bonding 
method of this invention; 
40 Figure 2 shows a cross-section of a two layer 

composite material of this invention after bond- 
ing; 

Figure 3 shows a cross section of a three layer 
composite material of this invention after bond- 
45 ing; 

Figure 4 shows a cross section of a multicompo- 
nent bonded material as the braze layer of this in- 
vention; 

Figure 5 shows a cross section of a bonded two 
so layer composite material of this invention with the 

addition of a chemical element; and 
Figure 6 shows the composite material of this in- 
vention used in a heat exchanger. 

55 Description of the Preferred Embodiments 

In accordance with the novel and improved meth- 
od and material of this invention, a first substrate lay- 
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er 1 0 is bonded to a second layer 1 2. As shown in Fig- 
ure 1, the two layers 10 and 12 are passed between 
a pair of pressure rolls 16 in a conventional rolling mill 
18. The layers are squeezed together with sufficient 
force to be reduced in thickness typically over 65 per- 5 
cent, and bonded together along an interface 20 be- 
tween the metal layers to form a composite multilayer 
metal material 22 as shown in Figure 2. Typically, the 
material is then rolled to the finished desired thick- 
ness and then annealed in an inert or reducing atmos- 1 o 
phere ready for forming into the desirable shape to be 
used in a heat exchanger. It is important that the com- 
posite material can be fully annealed to allow for the 
forming needed to be able to manufacture a heat ex- 
changer in addition to being readily formable (i.e., not 15 
brittle). 

Typically, the first layer 10 comprises a stainless 
steel, preferably a 300 series austenitic stainless 
steel, with good high temperature and corrosion prop- 
erties such as 31 6L Stainless Steel, 347 Stainless 20 
Steel, etc., or a 400 series ferritic stainless steel, or a 
nickel base super alloy such as the Inconel family of 
metals with nickel and chromium and iron alloying ad- 
ditions. The second layer 12 comprises a material ca- 
pable of having good high temperature and corrosion 25 
properties and melting at a temperature well below 
that of the first layer. This second layer, when reacted 
as explained in detail below, will be the brazing ma- 
terial for the composite when used in a heat exchang- 
er unit. 30 

It is to be understood that the invention could 
equally well be practiced with a first substrate layer 
1 0 being bonded on both top and bottom with second 
layers 12a and 12b forming a composite multilayer 
material 22' as shown in Figure 3. The layers 1 2a and 35 
12b would typically be of equal thickness. It is to be 
understood, however, that the thickness of layers 12a 
and 12b may be different if different amounts of 
braze is required on the two sides of base metal 10. 

In a preferred embodiment of a composite mate- 40 
rial for heat exchangers having excellent high temper- 
ature and corrosion properties, the first layer 10 is 
stainless steel and the second braze layer 12 com- 
prises a multilayer material with a layer or layers of 
nickel or high content nickel alloys and titanium or 45 
high content titanium alloys. These layers of material 
are preferably metal lurgical I y bonded by pressure roll 
bonding as known in the art. A preferred second layer 
has a center core 30 of titanium sandwiched between 
two outer layers 32 and 34 of nickel (to generally so 
shield the highly reactive titanium) and bonded into a 
multilayer material 36 as is shown in Figure 4. A typ- 
ical multilayer material 36 has the titanium core equal 
to 50 percent of the total thickness with the outer nick- 
el portions each equaling 25% of the total thickness. 55 
This multilayer material 36 comprising the second 
braze layer 12 is in turn bonded to the first layer 10 
as described above yielding the composite metal ma- 



terial 22 which is then sintered (thermally treated to 
improve bond strength) at between 1000 to 1900 °F 
and then rolled to the desired finished thickness. The 
typical composite has the braze layer 12 ranging from 
5 to 20 percent of the total composite thickness. This 
material can then be heat treated at between 1200 to 
2000 °F to allow the material to be easily formed while 
still remaining well below the brazing temperature of 
second layer 12. The annealed composite material is 
then formed in the desired shape for assembly into 
the finished heat exchanger. This formed composite 
material is then heated to react the nickel and titanium 
materials in the braze layer in situ to form the lower 
melting point braze alloy. This braze material is melt- 
ed and upon solidif ication forms the required compo- 
nent as part of a heat exchanger. The typical brazing 
temperature for this braze layer 12 is 2100 °F for suf- 
ficient time for complete melting of the braze layer to 
take place. 

In accordance with another preferred embodi- 
ment of the present invention, the second layer 12 
was made from a readily formable nickel silicon alloy 
with approximately 4 wt. percent silicon and the bal- 
ance nickel. This readily formable alloy is metallurgi- 
caliy roll bonded as described above to a stainless 
steel or nickel super alloy plate substrate 10 to form 
the composite multilayer metal material 22. As in the 
first described preferred embodiment, second layer 
12 is typically between 5 and 20 percent of the total 
thickness of the composite material. Composite ma- 
terial 22 is sintered at approximately 1200 to 1 900 °F 
and rolled to the described finish thickness. The ma- 
terial is then annealed and the annealed composite 
material is then formed in the described shape for use 
in the finished heat exchanger assembly. The formed 
material is then reacted by boron izing by a conven- 
tional process at 1200 to 1400 °F as is known in the 
art and diagrammatical ly shown by arrows 40 in Fig- 
ure 5. The boron is added to a level to yield the com- 
position of the second layer of 4 wt. percent silicon, 3 
wt. percent boron and the balance nickel. Such an al- 
loy is a good brazing alloy with stainless steel or nickel 
super alloy; and even though brittle with the addition 
of the boron, it is acceptable for use in heat exchanger 
applications because the forming was performed pri- 
or to the reacting boronizing step. It is to be under- 
stood the depth of the boronizing is typically equal to 
the thickness of the second layer although it could be 
done to a lesser depth. The composite is then assem- 
bled into the heat exchanger unit 50, as shown in part 
in Figure 6, and heated to melt the braze and finish 
the heat exchanger unit. 

It is to be understood that other elements can be 
added to the nickel provided such alloying additions 
still provide a material that is easily formable and 
when boronized will melt at an acceptable brazing 
temperature, typically under 2200 °F, which is signif- 
icantly under the melting temperatures of the material 
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used for first substrate plate layer 10. Such elements 
principally include chromium and iron typically in the 
amounts of 7-20 wt. percent and 3-5 wt. percent re- 
spectively. 

In accordance with the invention, the step of re- 
acting the bonded composite material refers to alter- 
ing the second layer to be a low melting point brazing 
layer for the first substrate layer. This reacting can be 
thermal or thermal with the addition of chemical sub- 
stances such as the boron. 

In order to give greater appreciation of the advan- 
tages of the invention, the following examples are giv- 
en: 

EXAMPLE I 

A continuous strip of completely annealed com- 
mercially pure titanium having a thickness of 0.040 of 
an inch is cleaned by chemical agents. This strip is 
then sandwiched between two continuous strips of 
annealed and cleaned 201 nickel (pure) strip of 0.020 
of an inch each and roll bonded in a single operation 
to yield a solid state metallurgically bonded composite 
of 0.030 of an inch as described in U.S. Patent No. 
2,753,623 which is incorporated herein by reference. 
This composite strip is sintered at 1300 °F and rolled 
to 0.010 of an inch and annealed at 1300 °F. The an- 
nealed strip is then prepared for bonding by conven- 
tional cleaning to 316L Stainless Steel. A 0.010 of an 
inch strip of nickel/titanium/nickel is bonded on both 
sides of a 0.060 of an inch strip of 316L Stainless 
Steel. Additionally, the roll bonded composite strip of 
0.025 of an inch is sintered at 1900 °F and then rolled 
to a finish thickness of 0.020 of an inch and annealed 
at 1900 °F to a fully annealed condition. This material 
is easily formable and ready for fabrication as a com- 
ponent of a heat exchanger. 

EXAMPLE II 

A continuous strip of completely annealed nickel 
4% by wt. silicon alloy of 0.010 of an inch thick is pre- 
pared for bonding. The strip is then roll bonded to both 
sides of a 0.040 of an inch thick strip of 31 6L Stainless 
Steel to produce a composite having a thickness of 
0.020 of an inch. This composite is sintered at 1900 
°F yielding a completely soft composite material 
ready for forming. The strip is blanked and formed into 
a component part for a heat exchanger unit This 
formed part of the composite is then reacted by bor- 
onizing using a standard commercial process. The 
depth of the boronizing is equal to the thickness of the 
nickel/silicon alloy layer in the composite. The amount 
of boron introduced in the nickel/silicon alloy layers 
changes the chemistry of them to 4% wt. silicon, 3% 
wt. boron and the balance nickel. The formed compo- 
site is now ready for assembly into heat exchanger 
units and brazing. 



EXAMPLE III 

This example was carried out identical to Exam- 
ple I above except the 316L Stainless Steel was re- 
5 placed with Inconel 625 material (58% wt. nickel, 20 
to 23% wt. chromium, 5% wt. iron, 8 to 10% wt. mo- 
lybdenum, 3.15 to 4.15% wt. niobium and tantalum 
and 0.10% wt. carbon maximum). 

10 EXAMPLE IV 

This example was carried out identical to Exam- 
ple I above except the finish composite material is fur- 
ther blanked and formed into the shape for use in a 

15 heat exchanger unit. A stack-up of corrugated 31 6L 
Stainless Steel foil 52 and the sheets 22 of nickel/ti- 
tanium/nickel clad 316L Stainless Steel is made (see 
Figure 6) and brazed in a vacuum at 2100 °F. Strong 
braze joints were obtained with uniform flow of the 

20 braze material (nickel/ titanium/nickel) and fillet for- 
mation at the joint area. 

EXAMPLE V 

25 This example was carried out identical to Exam- 

ple II above except the formed boronized finished 
composite 22 for a heat exchanger is further assem- 
bled in a stack-up with corrugated 0.010 of an inch 
31 6L Stainless Steel foil 52. This assembled struc- 

30 ture is brazed in a vacuum at a temperature of 1975 
°F yielding a uniform strong brazed joint with good 
bonded braze layer. 

The novel process and article produced by the 
method of the present invention provides for a self- 

35 braze composite material for use in heat exchangers 
with superior corrosion resistance and good high tem- 
perature properties. The material is easily and eco- 
nomically produced for manufacturing highly reliable 
and durable heat exchangers. While the invention 

40 has been described in combination with the specific 
embodiments thereof, it is evident that many alterna- 
tives, modifications and variations will be apparent to 
those skilled in the art in light of the foregoing descrip- 
tion. 

45 

Claims 

1. A method for making a self-brazing composite 
so material for use in a heat exchanger using a cor- 

rosive heat exchanger fluid comprising: 

providing a first substrate layer of a first 
material chosen from the group consisting of 
stainless steels and nickel super alloys; 
55 providing a second layer of a second ma- 

terial chosen from the group consisting of mate- 
rials capable of having good high temperature 
and corrosion properties and melting at a temper- 
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ature well below that of the first material; 

metallurgical^ bonding said first and sec- 
ond layers together to form a bonded composite 
material being readily formable; and 

reacting said bonded composite material 5 
so as to render the second layer as a braze layer 
for the first layer with excellent high temperature 
and corrosion properties. 

2. The method of claim 1 wherein said second layer 10 
is metallurgical^ bonded to both the top and bot- 
tom surfaces of the first layer. 

3. The method of claim 1 wherein said second layer 
comprises a multicomponent material chosen 15 
from the group consisting of a nickel or high nick- 
el alloy and a titanium or high titanium alloy and 

in which the reacting step is controlled heating to 
cause the nickel or high nickel alloy to alloy with 
the titanium or high titanium alloy to form a lower 20 
melting point brazing alloy layer. 

4. The method of claim 3 wherein said multicompo- 
nent material is a three layer material with nickel 

on the top and bottom and titanium sandwiched 25 
therebetween. 

5. The method of claim 4 wherein the nickel top and 
bottom layers are essentially one half the thick- 
ness of the center titanium layer. 30 

6. The method of claim 4 wherein the first material 
is a stainless steel. 

7. The method of claim 4 wherein the first material 35 
is a nickel base super alloy. 

8. The method of claim 1 wherein said second layer 
is a nickel silicon alloy in which the reaction step 

is a controlled boronizing heating step of the sec- 40 
ond layer to yield a nickel, silicon and boron braz- 
ing alloy to form the braze layer. 

9. The method of claim 8 wherein said braze layer 

has a final composition of 3-4 wt. percent silicon, 45 
2-4 wt. percent boron and the balance nickel. 

10. The method of claim 9 wherein said braze layer 
also includes 3-5 wt. percent iron and 7-20 wt. 
percent chromium. 50 

11. The method of claim 8 wherein said second layer 
is bonded to both the top and bottom surfaces of 
the first layer. 

55 

12. The method of claim 11 wherein said controlled 
boronizing heating step in administered to a 
depth of the composite material equal to thick- 



ness of the second layer. 
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